Introduction
Research in the fields of Operations Research and Management Science (OR/MS) has profoundly influenced the development of industry and the national economy. The survey conducted by Chen and Wei (2002) shows that OR/MS has been acknowledged by Taiwanese companies as an efficient managerial tool for economic development, with future usage likely to increase exponentially. Ranyard (1995) described the unique developmental path of OR in the UK, which originated with scientists assisting war-time operations, only to later transfer to industry in the immediate postwar years, where they have successfully solved the problems associated with most business functions.
Japan formed a unique refined industry based on learning about quality management after World War II, eventually prompting American researchers to consider why they could not match such achievements. Throughout the 1960s, and indeed up until the 1990s, Hong Kong, Singapore, South Korea, and Taiwan reached miraculous economic milestones by not only leading Asia in industrialization and technology, but also cultivating several unparalleled industries. Therefore, they are acclaimed as the Four Asian Tigers. These five economies share several common features. First, they are deeply nurtured by Chinese culture, where individuals are diligent and thrifty, with a concomitant emphasis on education that is conducive to economic development. Second, the complementary characteristic has to do with the widespread traumatic experience of war among the population, a phenomenon that has nurtured personal qualities of resilience and aggression, which have subsequently become harnessed to industrialization. Third, a factor is the political condition of relative stability, and in this context one might consider the formative influence of authoritarian politics in the initial phase of economic development. This legacy remains relevant in the sense that government policies are consistent and sustainable, with the attendant stability drawing foreign capital and technology as a stimulus to economic development. Fourth, the factor acknowledges how exogenous value systems can play a constructive role by connecting with the West technologically and institutionally. Fifth, a factor recognizes that these countries do not have vast lands and population, and are therefore export-oriented economies, in more endogenous terms. Contextualizing each of these constitutive elements makes an appreciable difference in situating present and future trends. This leads in turn to discussion of why the focus of attention at the turn of the 21st century is "Chindia", (i.e. China and India), both of which are assured of a promising future in terms of economic development. Given their abundant labor supply, they appear set to become the main manufacturing and service providers in the world. Indeed, these combined advantages will most likely transform "Chindia" into world economic superpowers in the near future.
Therefore, this study applies bibliometric analysis to analyze the international academic publications of OR/MS scholars in seven countries/regions in Asia, namely Hong Kong, India, Japan, People's Republic of China (PRC), Singapore, South Korea and Taiwan. Many OR/MS researchers from Asian countries/regions return to their home countries to teach or provide service after receiving doctoral education in the West. International publication has become an important indicator of academic performance, and so the researchers from these Asian countries/regions tend to share their research results with scholars in the same field through international publications.
The value of publications is commonly rated by the rank of the journals in the Journal Citation Report (JCR) (Lenhard et al., 2006) , which is published annually in two editions, science and social science, by The Thomson Corporation. JCR Science Edition includes data from over 5,900 journals in science and technology and ranks the journals by the impact factor (IF). The impact factor is a measure of the frequency with which the "average article" in a journal has been cited in a particular year or period. The annual JCR impact factor is a ratio of citations to recent citable items published. Thus, the impact factor of a journal is calculated by dividing the number of current year citations to the source items published in that journal during the previous two years (Garfield, 1994) . Since this factor is an easily available means to quantify the value of scientific work, it is fast becoming widely adopted in the academic world.
The ISI Web of Science (WOS) includes information not only on the frequency of citations expressed by the IF, but also on the authors' origin, document type and the keywords of the individual articles. The present study uses this database further to explore these bibliometric indicators in order to measure the distribution of papers published by authors from these seven promising Asian countries/regions in OR/MS journals from 1968 to 2006.
Method
JCR Science Edition has Operations Research & Management Science as a subject category. The 2006 edition has 60 journals (Appendix, listed alphabetically). This study searched the WOS database based on these 60 journals, and found that the WOS documents can be traced back to 1956. The 60 journals in the OR/MS discipline published 89,293 papers from 1968 to 2006. Of these, American authors published 36,929 papers. In Asia, Japan is the country with both the earliest and the highest number of publications, with two appearing in 1968 (Miyasawa, 1968; Senju and Toyoda, 1968) and totaling 3,342. India also had a paper published in the same year (Erlenkotter and Manne, 1968) . The first papers in Taiwan and Hong Kong both appeared in 1975. Taiwan has a total of 2,896 papers, second only to Japan in Asia, including three in 1975 (Chen and Hsiao, 1975; Shih and Chu, 1975; Wu and Shih, 1975) . Hong Kong had two papers published in the same year (Chan, 1975a (Chan, , 1975b . A Singaporean scholar published a book review in Interfaces in 1976 (Langham, 1976) ; South Korea had its first article published in 1978 (Lee, 1978) , and the first article from a PRC scholar appeared in 1981 (Zheng, 1981) . Therefore, the data collection criteria for publications stand as follows: at least one author had to be affiliated with one of the seven Asian countries/regions and the paper had to be published between 1968 and 2006.
Many publications had multiple authors. We adopted an inclusive approach to counting, which was better able to evaluate author productivity. Each institution that appears in the author list receives one credit for an article. When articles are authored by collaborating institutions from multiple countries, each country receives one count for its participation, irrespective of the number of its collaborating institutions. For example, Taiwan and Singapore would each receive one credit for an article coauthored by one Taiwanese institution and two Singaporean institutions. Thus, the number of credits for an article is subject to variation, depending on the number of institutional authors and the number of countries represented among the collaborating institutions. When institutions collaborate, a single article is counted more than once.
The resident population (expressed in millions of inhabitants) was retrieved for each country from the CIA World Factbook.
Results
The 2006 edition of JCR OR/MS category includes 60 journals, of which 13 have an impact factor above 1 (2.516-1.036); Production and Operations Management and Journal of Operations Management have an impact factor above 2. If analyzed by region of publication, 35 (58%) of the 60 OR/MS journals are from Europe; 22 (37%) are from the United States and Canada. The seven Asian countries/regions have three journals (two from Singapore and one from Japan), thereby confirming that this discipline originated from Europe (Kirby, 2003) . If simply analyzed by country, publication centers on America, the UK and the Netherlands. America has 21 journals, which is the largest number, followed by the UK with 17, the Netherland with 14, and Germany with three. Singapore publishes two titles, while Canada, France, Japan and Switzerland are responsible for one journal each.
Analysis conducted by subject category reveals that 16 of the 60 OR/MS journals, such as Management Science, Journal of Operations Management, and Operations Research, belong to the single discipline of OR/MS. Twenty-two journals belong simultaneously to two disciplines, and 21 journals belong to three disciplines. International Journal of Information Technology & Decision Making belongs to four subject categories. The discipline with most overlap is Industrial Engineering: 11 journals belong to OR/MS and Industrial Engineering at the same time; the one with the second most overlap is the discipline of Applied Mathematics, with ten journals crossing over into this discipline, and nine journals overlap with Manufacturing Engineering.
Number of papers
The number of academic papers published is an important indicator in scientific research. From 1968 From to 2006 papers were published by the seven Asian OR/MS researchers ( Table 1 ). The leading countries were Japan (22.6% of papers), Taiwan (19.5%) and India (13.6%). These figures can be usefully compared with the 36,929 papers published in the same period in the United States. Seven Asian countries/regions account for 16.6% of all OR/MS literature during the same period, in contrast to the 41.4% produced by the United States. In the first decade (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) , the United States published 2,572 OR/MS papers which are 14 times as many : 1968 -1976 , II: 1977 -1986 , III: 1987 -1996 , IV: 1997 -2006 as that of the seven Asian countries/regions. However, this difference progressively reduced during the following decade to 1.5 times in the fourth decade (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . The number of OR/MS papers published in the different Asian countries/regions as compared to the total number of papers published in Asia changed slightly in the four decades examined, increasing in Taiwan, Hong Kong and Japan. Taiwan published 14% more papers in the fourth decade than in the first decade. Hong Kong's output increased by 11% during the same period, while Japan's increased by 10%. The OR/MS output of all seven Asian countries/regions increased during the period examined.
Since the first OR/MS article appeared in Japan in 1968, its output has always been much higher than that from the other six Asian countries/regions (with the exception of 1975, when it was exceeded by India). The greatest number of papers from Japan was 199 in 1999, thereafter recording a sharp decline. The number of papers published in the international OR/MS journals by the scholars from the seven Asian countries/regions, show steady growth rates overall. Figure 1 indicates the largest number of papers came from Japan, with Taiwan and India following closely. The number of papers from Taiwan surpassed that from India, and followed that of Japan in 2000. The difference between the numbers of papers from Taiwan and Japan had become smaller in 2006. The number of papers, and the growth trend, in Hong Kong and South Korea are both very similar. PRC was late in starting to produce papers, but grew very fast, while Singapore has the smallest number of papers and the slowest growth pace.
The ratio of number of papers to country population in millions of inhabitants was 13.5 globally, 122.6 in the US, and 5.6 in the seven Asian countries/regions. In Asia, Hong Kong ranked first (275.2), followed by Singapore (234.7), Taiwan (126.7), South Korea (37.5), Japan (26.2), India (1.8), and PRC (1.3). Table 3 that Japan (2.1%) ranks first, followed by Hong Kong (1.67%) and Taiwan (1.43%), in terms of the number of papers published in the top ten IF-ranked OR/MS journals. Among the seven Asian countries/regions, Singapore had the highest percentage of paper published in top ten journals, ranked To investigate further the publication patterns of researchers from seven Asian countries/regions in the top-tier OR/MS journals, Singapore also had with the highest percentage of paper publication accounting for the total number of papers of that country, which was 6.5% (69 papers), Hong Kong followed with 5%, South Korea with 3.4%, India with 2.7%, Japan with 2.1%, PRC with 1.4%, and Taiwan with 1.1%.
Quality of papers
The percentage of papers published by scholars from the seven Asian countries/regions in the bottom ranked ten journals (JCR position 51-60) was the lowest in PRC at only 5.5% of the overall total of papers produced in OR/MS literature. It was followed by Taiwan with 6.3%, Hong Kong with 6.5%, Singapore and South Korea with 8.6%, India with 11%, and Japan with 27.7% (926 papers). The high percentage from Japan was because of the papers published in the 55th-ranked Journal of the Operations Research Society of Japan. 
Type of document
The document types identified by the WOS database were analyzed. The most common was Journal Article, contributing about 96% of the total in Asia and 85% globally (Table 4 ). The second most common document type is Note, followed by Editorial material, Review, Book Review and Letter. Japan has the most types of document (12) in the seven Asian countries/regions, followed by Hong Kong and India, while PRC and Taiwan have the fewest. The document type with the largest number of documents is Note, with 59 and 42 published by Indian and Japanese scholars respectively. Hong Kong is the region with the most Review literature (18), followed by India (16) and Taiwan (12). Hong Kong also has the greatest number of Editorial materials, followed by Japan.
Most productive institution
The seven Asian countries/regions have 32 institutions, which published over 100 papers. The papers from India, Singapore, and South Korea tend to come from one single research institution. For instance, the institution with the most papers in Singapore is National University of Singapore (NUS) which produced 671 papers. Its closest competitor, Nanyang Technological University, was only able to match half this productive output (308), while Singapore Management University settled into third place with only 29 papers. Distinctive as these results may be, it is also instructive to consider the situation in India, not least because it is even more centralized than Singapore. The institution with the most papers is Indian Institute of Technology which has 704 papers, the largest number in Asia. The second place is Indian Institute of Management which has only 151 papers. The Indian Institutes of Technology (IITs) are a group of seven autonomous engineering and technology-oriented institutes of higher education established by the Government of India, but the statistical ramifications of this fact tend to be somewhat distorted by the methodology adopted by the Web of Science. The problems stem from how "INDIAN INST TECHNOL" is referenced as an institutional umbrella term to index the sum total of publications produced by the IITs. The most dispersed institutional distribution of papers can be found in PRC, where many institutions contend with one another. The institution with the highest tally is the Chinese Academy of Sciences which has 264 papers. Second place is occupied by Tsinghua University (161 papers). Shanghai Jiao Tong University comes in behind, with 82 papers. and the University of Hong Kong (307 papers). The institutions with the greatest amount of literature in Taiwan are National Chiao-Tung University (ranking number 5), National Cheng Kung University, National Tsing-Hua University, National Taiwan University of Science and Technology, and National Taiwan University.
Most productive authors
Singapore is the country with the most authors of one paper only, accounting for 67% of the total, followed by Hong Kong and India (63%), while Taiwan has the fewest (58%). Taiwan has the greatest percentage of authors with over ten papers published (4%), followed by 3.8% from Hong Kong and South Korea (Table 6 ). The author with the most papers published in OR/MS journals in the seven Asian countries/regions is TCE Cheng from the Logistics Department of The Hong Kong Polytechnic University, having published a total of 133 papers. The author ranked second is Masao Fukushima from Kyoto University Graduate School Informatics (84 papers), XQ Yang from the Department of Applied Mathematics of The Hong Kong Polytechnic University attained third position (67 papers). Hirsch (2005) proposed the h-index, a new metric for characterizing the scientific output of a piece of research, which is defined as follows: "A scientist has index h if h of his or her Np papers have at least h citations each and the other (Np − h) papers have ≤ h citations each", where Np = total number of papers. Table 7 ranks the active Asian academics by the total items published and the total citations (times cited). Since some of the authors moved or returned to Asia after spending the earlier part of their academic and research careers in countries outside Asia, to give a fuller picture on the most active and influential OR/MS researchers from Asia, their overall number of publications, overall number of citations, and overall h-indices, regardless of their institutional affiliations, are presented as supplementary information in Table 7 .
Co-author analysis
Papers from Hong Kong have the greatest number of co-authors, with 4,936 authors for the 1,921 papers. That is, Hong Kong has 2.57 authors per paper on average. The next largest number of co-authors is from Singapore, with 2,644 authors for 1,068 papers (i.e. 2.48 authors per paper on average). The smallest number of coauthors is in Japan, with 3,343 papers contributed by 7,112 authors, amounting to 2.13 authors per paper on average. The 2,896 papers published in Taiwan are the contributions of 6,376 authors, which equates to 2.2 authors per paper on average. Overall, the most common collaboration is between two authors publishing OR/MS papers in the seven Asian countries/regions. India accounts for 52%, followed by Taiwan and South Korea 47%. The second common cooperation is among three authors, of which Singapore accounts for about 35%, followed by Hong Kong with 34%. The country with the most single-author papers is Japan, approximately 31% of papers. PRC is the next with about 21%. South Korea has the fewest single authors, with slightly less than 11%, while Hong Kong only accounts for about 12%.
The largest number of co-authors for a paper is 16, originated from PRC. It was co-written by five American authors and 11 PRC authors (Kuby et al., 1995) . One paper in Japan has ten authors, and four papers with nine authors. Of the latter group, two are from Japan, and one each is from Singapore and Taiwan. The greatest number of authors for a single paper in Taiwan is nine, which included seven American authors, in addition to another two from Japan and Taiwan (Adams et al., 1996) .
On the whole, it is clear that most papers published in the OR/MS journals generally involve only one to three authors. Of such papers, India accounts for nearly 95%; Taiwan (93%); Japan (92%); PRC and South Korea (each 89%); Singapore 87%; Hong Kong (slightly less than 85%). Table 8 provides a more complete analysis.
The number of authors collaborating with researchers from different countries serves as a significant indicator of the globalization of that discipline. Table 9 indicates that the scholars from India, Japan, PRC, Singapore, South Korea and Taiwan, prefer to work with domestic scholars, and the percentage can reach 100%. Other than domestic scholars, the six countries exhibit a marked preference for scholars from the United States. South Korea has the highest percentage in terms of co-authorship, where 21% of papers were produced in cooperation with American scholars, followed by Hong Kong, PRC, Singapore and Taiwan. The country with Which scholars typically publish papers together is another important issue. Of the seven Asian countries/regions studied, PRC has the highest percentage of single papers authored by different pairs of collaboration (87%), followed by South Korea and Taiwan (each approximately 80%). Hong Kong has the lowest percentage, 70%. The greatest number of collaborating pairs of authors producing over ten papers is seven from Japan, followed by five from Hong Kong, two from Singapore, and one each from India and Taiwan. Table 10 indicates that OR/MS research in PRC is diversified and contentious, inasmuch as a clear research network currently remains at an emergent developmental stage. India has the greatest number of co-author papers among the seven Asian countries/regions. The collaboration network between India and PRC can accordingly undergo further comparison through network analysis. Figure 2 demonstrates that Indian authors who co-publish over three papers have very strong networks, and are likewise inclined to write and publish more papers together (the thickness of lines represents the number of papers, thus highlighting the network ties). In contrast, the collaborative networks among PRC authors are more dispersed in the absence of a clear research network, leading to fewer jointly authored papers being published. 
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Most cited authors
Nineteen papers published by authors from the seven Asian countries/regions are cited over 100 times. These comprise seven from Japan, which is the largest number, four from India, three from Taiwan, two from PRC and Singapore respectively, and one from Hong Kong. The most cited paper from South Korea has only been cited 89 times. The most cited paper is the collaboration between E Pardoux from Shandong University and SG Peng from Fudan University, which has been cited 226 times. The second most cited paper is co-written by KY Tam from the Hong Kong University of Science and Technology and MY Kiang from Arizona State University (cited 189 times). The paper co-produced by SS Keerthi from the Indian Institute of Science, and EG Gilbert from Aerospace Engineering Department of Michigan University in America, has been cited 175 times, earning it a respectable third place in the collaborative citation ranking (Table 11) .
Research topics analysis
This paper analyzes the keywords listed by the author to analyze differences among the research interests of OR/MS scholars in the seven Asian countries/regions. Each author might choose different types of words when listing key words. Most scholars use plural forms such as "fuzzy sets" and "fuzzy sets theory", while few settle for singular forms, such as "fuzzy set", "fuzzy set theory". Some employ full names, such as "data envelopment analysis", while others resort to its acronym "DEA", with both acronym and full name, as "DEA (data envelopment analysis)" or "data envelopment analysis (DEA)", making recurrent appearances in the literature as well. Naturally differences also occur in spelling, i.e. "data envelop analysis" is also used. Hence it is prudent to make allowance for different types of keywords when analyzing them. Table 12 lists the top 20 keywords used by OR/MS scholars in the seven Asian countries/regions. The most widely studied research topics in the seven Asian countries/regions include inventory, scheduling, genetic algorithm, heuristics and optimization. The research topics unique to Taiwanese scholars are fuzzy sets, data mining, reliability, and data envelopment analysis. Further analysis of the keywords among papers from Taiwan, Hong Kong, and PRC reveals that the research topics of PRC scholars are the most dispersed, and the key words are the most definite.
